Background/aim: Knowledge and understanding of deficits in executive functions has expanded in recent years and its relevance to occupational therapy has been established. The purpose of this review was to identify, analyse, synthesise and describe the updated occupational therapy scientific literature that addresses the subject of executive functions, specifically focusing on children and adolescents. Method: Scoping review methodology was implemented to map the occupational therapy literature on executive functions in children and adolescents over the past decade. Articles were retrieved from five electronic databases. Results: Fifty publications met the inclusion criteria. The research included a wide age range, different diagnoses, use of diverse executive functions definitions and assortment of assessments and interventions. Conclusion: A unique definition of executive functions among children and adolescents was proposed. This definition can assist both clinicians and researchers in the field. Continued research to establish the profession in a key position is recommended to understand the underlying mechanisms of daily performance.
Introduction
The concept of executive functions (EFs) is an umbrella term that includes at least 30 varied constructs, thus complicating its definition (Goldstein, Naglieri, Princiotta & Otero, 2014) . The term EF refers to a neuropsychological concept describing a family of skills that comprise the cognitive process. These skills allow people to organise their behaviour over time and to supersede immediate demands in favour of long-term goals (Dawson & Guare, 2010) . The current review highlights the definitions associated with EF found in the occupational therapy literature, specifically among children and adolescents.
Since the introduction of the term executive in the 1970s, the definition of EF has evolved, and understanding of how the brain regulates, manages, organises and assists interaction in the environment, as well as of the role of EF, has advanced (Goldstein et al., 2014) . Some definitions, such as the hybrid model of EF developed by Barkley (1997) , focussed on components. Barkley's model was based on the understanding that satisfactory development of inhibition is essential for the normal performance of four neuropsychological executive abilities: working memory, internalisation of speech, selfregulation of affect-motivation-arousal and reconstitution. Later, EFs were defined as higher order functions needed for performing complex or non-routine tasks (e.g., Godefroy, 2003) . Metaphoric descriptions of the complex role of EFs include the 'conductor of the symphony', reflecting the simultaneous and synchronised activity of these skills (Brown, 2000 (Brown, , 2005 and 'an air traffic control system' involving interaction of multiple people, as in EFs where each skill uses elements of other skills (Shonkoff, Duncan, Fisher, Magnuson & Raver, 2011) .
The World Health Organization (2007) and the occupational therapy practice framework domain and process (American Occupational Therapy Association, 2014) describe EFs as higher level cognitive functions intimately connected with complex goal-directed behaviours across all life domains. The EFs support the processes of learning, remembering, planning and making decisions that enable children and adolescents to acquire knowledge and to participate in learning, playing and social interactions (Shonkoff et al., 2011) . This article focuses specifically on how EFs are reflected in the occupational therapy literature in relation to everyday functioning because EFs are considered the underlying mechanism of all instrumental activities of daily living (Baum & Katz, 2011; Connor & Maeir, 2011) .
To underline the EF role in children and adolescents, understanding the developmental process is significant. The EFs develop from infancy through childhood and adolescence until early adulthood. Although EF components mature at different paces, information processing, goal setting and cognitive flexibility are all relatively mature by 12 years of age (Dawson & Guare, 2010) . In neuroscience, EFs are viewed as crucial developmental building blocks in cognitive and social abilities, with a focus on three core EF skills: working memory, inhibitory control and cognitive or mental flexibility (Diamond, 2016) . Tools for measuring EF among children have recently been compiled into a battery of tests named the NIH Toolbox for the Assessment of Neurological and Behavioral Function (Weintraub et al., 2013) . However, this toolbox includes tests that are performed in a laboratory environment and do not necessarily reflect actual everyday occupations.
Ecological validity is the extent to which neuropsychological results obtained in controlled experimental conditions actually reflect or can predict real-world performance (Chaytor & Schmitter-Edgecombe, 2003) . The relationship between daily performance and the environment is a core foundation in occupational therapy. Occupational therapy models, such as the Person-Environment-Occupation-Performance Model, are considered ecological-transactional systems models (Baum, Bass & Christiansen, 2015) . However, some researchers suggested the ecological validity of some formal conventional tests is unclear because the tests are somewhat abstract in their essence and yet are used to examine cognitive and EF abilities (Payne, Hyman, Shores & North, 2011) . Therefore, the question of how EF tests represent or predict the daily function of children or youth and the attempt to define different EF assessment tools as ecologically valid is not always clear-cut. The degree of an assessment's ecological validity can be identified by defining how the theoretical background of an assessment reflects cognitive demands in daily life or how well an assessment is statistically concurrent with measures of actual daily functioning (Wallisch, Little, Dean & Dunn, 2017) . Moreover, ecological validity can vary along a continuum ranging from highly ecological measures that strongly represent natural and real-world behaviour on one end to assessments that are weak in their representation and located on the opposite end of the continuum (Barkley, 1991) . Gillen (2013) stressed the need to promote the use of ecological and performance-based cognitive assessments in occupational therapy because real-life occupations are complex and require direct observation.
A number of articles recently explored different aspects of EFs in occupational therapy (Cramm, Krupa, Missiuna, Lysaght & Parker, 2013a,b; Wallisch et al., 2017) . The first article reviewed the occupational therapy literature about EFs in populations of all ages and described various EF definitions that highlight the influence of EFs on participation and performance in daily life. The paper emphasised the importance for occupational therapists to recognise EF deficits in occupational performance and highlighted the paucity of having one acceptable definition (Cramm et al.) . The second article by Cramm et al. qualitatively explored occupational therapists' perceptions of how EFs are addressed among children and youth. The results revealed that occupational therapists reported challenges in recognising and addressing difficulties in EF; consequently, the authors emphasised the need for performance-based measures. Recently, the ecological validity of EF measures was examined in a scoping review; however, this was limited to measures used in children up to 12 years of age (Wallisch et al.) .
Therefore, the purpose of this study was to conduct a scoping review to map out updated, available occupational therapy literature on EFs, specifically focusing on children and adolescents. The current review aimed to reveal the scope of EF definitions, the variety of populations among children and adolescents and the assessments and interventions, and to portray the geographic layout of EF research.
Method
This study used scoping review methodology, a form of knowledge synthesis that addresses an exploratory research question aimed at mapping key concepts and gaps in evidence (Colquhoun et al., 2014) . This review method was chosen specifically to identify gaps in the current occupational therapy literature and was conducted using the six-staged advanced methodological framework recommendations. The stages encompass (i) identification of the research question, (ii) identification of relevant studies, (iii) study selection, (iv) charting the data, (v) collating, summarising and reporting the results and (vi) consultation (Arksey & O'Malley, 2005; Armstrong, Hall, Doyle & Waters, 2011; Levac, Colquhoun & O'Brien, 2010) .
Research question
The question that guided this scoping review was: To what extent does occupational therapy refer to EFs in assessment and intervention among children and youth?
Relevant studies and study selection Studies were retrieved from hand-searched sources and six electronic databases: PubMed, Web of Science, PsychInfo, CINAHL, ERIC and OTDbase. Abstracts, titles and index terms were searched with the following key words: occupational therapy and executive function or function or cognition and assessment or evaluation or intervention and children or child or adolescent or adolescence or youth or teens or teenagers. Articles were included if they were peer-reviewed assessment or evaluation studies, theoretical, frames of references or models that discussed assessment and evaluation and were written in English. Because of the increase in publications in this field in the past decade and our aim to reflect the most current literature, only articles published between January 2006 and February 2016 were included. Exclusion criteria were publications investigating adult populations, presentations, conference proceedings, dissertations and theses. Figure 1 outlines the data-gathering and elimination procedures and the study selection process.
The second author screened the titles and abstracts, and both authors read the full texts of articles corresponding with the inclusion criteria. Final selection was performed independently by the authors followed by consultation. A research assistant independently read the full articles to obtain expert agreement of relevance to this scoping review and inclusion of articles, and consensus was obtained through mutual discussion.
Charting the data
Information from each article was extracted and independently recorded in a database which included the authors' names, professional discipline, country of research, keywords, participants' ages, diagnoses, journal name, article type, EF definitions, key findings to EF conceptualisation, impact on occupational therapy and name of assessments or interventions used. In addition, each assessment or intervention was defined as high, middle or low on the ecological continuum (Barkley, 1991) . The location on the continuum was defined by conducting a preliminary focus group consisting of five occupational therapists with both academic and clinical experience in paediatrics and knowledge in research methodology. Each focus group member rated the ecological level of each item, and the reliability coefficient was calculated (Kielhofner, 2006) .
Results
The initial search resulted in 518 articles. After title screening, full-text review, exclusion of duplicates and addition of hand-searched and reviewed articles, 50 articles met the inclusion criteria and were included in the scoping review.
Of the 50 publications, 45 (90%) described clinical research and were included in this review along with five (10%) theoretical publications (Cermak & Maeir, 2011; Hilton, Goloff, Altaras & Josman, 2013; Josman & Rosenblum, 2011; Toglia, Rodger & Polatajko, 2012; Wilson, Ruddock, Smits-Engelsman, Polatajko & Blank, 2013) .
The age range of the participants in the reviewed publications was largely scattered, from 3 years up to 21 years of age. Elementary-school-aged children or their parents participated in studies discussed in 40 (80%) publications, while adolescents or their parents participated in 17 (34%) publications. Only three articles discussed children below school age and six articles referred to the broad definition of children and youth.
Use of EF terminology
Over 40 referenced definitions for EFs or cognitive components were used in the 50 publications. Authors usually chose a combination of definitions, but analysis of the definitions revealed the frequency in which various components were used to define EFs. Table 1 presents a content analysis of the frequency of the most widely used components found in the various EF definitions mentioned in the included articles four or more times: goal directed 19 times; planning 18 times; working memory 15 times; flexibility or shifting 12 times; problem solving 11 times, organisation and monitoring 10 times; inhibition nine times; complex, challenging or new seven times; efficient or appropriate and effective and initiation six times; response regulation five times and metacognition four times.
Diagnoses
Of the 50 reviewed publications, six (12%) discussed children and adolescents with typical development, and the remaining publications included populations with 10 different diagnoses. The majority of diagnoses were defined as neurodevelopmental disorders according to the Diagnostic and Statistical Manual of Mental Disorders (American Psychiatric Association (APA), 2013). Attention deficit hyperactivity disorder was the most common (18%) neurodevelopmental disorder in the articles, followed by development coordination disorder, developmental dyspraxia and atypical brain development (12%); autistic spectrum disorder, pervasive developmental disorder and Asperger's syndrome (10%); handwriting difficulties (8%); foetal alcohol spectrum disorder (4%); neurofibromatosis type 1 (4%); borderline intellectual functioning (2%) and Down syndrome (2%). Traumatic brain injury and acquired brain injury (10%) are neurocognitive disorders (APA) with EF defined as one of their features. Additional diagnoses were sickle cell disease (4%), youth at risk (4%) and concussion (2%).
Types of assessments
A variety of tools was used to measure EF or specific EF components in the 50 publications included in this scoping review. The most commonly used tool was the Behavior Rating Inventory of Executive Function (BRIEF; Gioia, Isquith, Guy & Kenworthy, 2000) . The preschool version (BRIEF-P; Gioia, Espy & Isquith, 2003) was used 26 times in 23 (46%) of the 50 publications, including the parent and teacher version, and the self-report version for adolescents was used once. The Behavioural Assessment of the Dysexecutive Syndrome for Children (BADS-C) followed in frequency, used in six (12%) publications. The frequency of use of the remaining assessments is listed in Table 2 . Seven of the total 33 assessments used were categorised as performance-based assessments, four as self-report questionnaires, four parent-teacher-caregiver questionnaires, 16 tabletop assessments and one each computer-based and virtual reality measures.
The assessments used in the 50 publications were classified into three categories according to their location on the ecological continuum and their degree of resemblance to everyday functioning (Barkley, 1991) . The classifications are presented in Table 2 : (i) assessments located on the high-strong end of the ecological continuum, (ii) assessments located in the middle of the ecological continuum and (iii) assessments not ecologically valid located on the low end of the continuum. For example, assessments that included a performance-based activity resembling an everyday function were categorised as highly ecological. Questionnaires with content that referred to daily activity (e.g., BRIEF; Gioia et al., 2000) were placed in the middle of the continuum and questionnaires or tests which measured cognitive components distant from actual-life activities and therefore were not ecologically valid were located low on the continuum. Of the 50 publications, 14 (28%) incorporated highly ecological assessments, whereas 23 (46%) used assessments located in the middle of the ecological continuum and only eight (16%) used non-ecological assessments. The remaining publications did not detail specific assessment tools. Table 3 .
Geographic layout of the EF research
We explored the geographic layout of the 50 publications and found seven (14%) written by collaborating professionals from more than one country including Australia, Canada, France, Germany, Iran, Israel, the Netherlands and USA. The majority of publications included in this review involved researchers from Israel (40%) and the United States (36%), followed by Australia (16%) and Canada (16%), the Netherlands (4%), Taiwan (4%), and Germany and Iran (2% each).
Consultation
The preliminary findings of this scoping review were presented to a large audience of occupational therapists at an annual conference to transfer the knowledge (Josman & Obermeyer, 2016). The high demand for the knowledge on the subject, together with positive participant feedback, demonstrated the need to conduct this comprehensive scoping review.
Discussion
The purpose of this scoping review was to identify, analyse, synthesise and present the occupational therapy scientific literature published during the past decade that addresses the subject of EFs among children and youth. Our search resulted in 50 publications that met the defined inclusion criteria and covered research worldwide, including a wide age range and diverse diagnoses. Most diagnoses were defined as neurodevelopmental disorders (APA, 2013) with a range of developmental deficits including limitations of control of EFs. Nevertheless, populations with other diagnoses were also studied in the context of EF.
Definition ambiguity
Within the occupational therapy literature, the association between EF and performance is widely discussed today (e.g., Cramm, Krupa, Missiuna, Lysaght & Parker, 2016; Gillen, 2013) . Nevertheless, the available definitions that originate predominantly in other disciplines do not fully encompass all critical aspects of EFs relevant to evaluation and intervention among children and (2014) youth. Gillen emphasised the need for occupational therapists to adopt occupational and performance-based tools that focus on engagement in real-world tasks and to promote their use in practice. Consequently, a definition that encompasses the unique occupational characteristics and developmental needs of this age group is warranted. Therefore, founded on the existing definitions, we suggest a definition that includes components that best reflect the occupational scope among children and adolescents.
The EFs are higher level mental functions representing performance skills such as initiation, planning and organisation, sequencing, maintaining, flexibility and self-regulation, which develop from infancy until early childhood. They are the underlying mechanisms required to effectively perform and participate in selfdirected, complex and non-routine activities in varied situations and environments. To clarify our suggested definition, and because EF plays a crucial role in the everyday life and occupational performance of children and adolescents, we also suggest a metaphor from within their world, such as a 'baseball coach' (or other sports coach). The coach leads the team or the collaborative player who seeks to accomplish his or her best while bearing in mind a collective goal or function to advance in the game. Although previously suggested metaphors appreciably assist in illustrating the process of EF, they do not entirely correspond with comprehensive activity analysis of the daily activities that involve EFs. The 'air traffic control' is a figurative example that brings the EF process to life. However, a task analysis reveals this example refers to three components -working memory, inhibitory control and cognitive flexibility -but lacks the additional and important components of EF mentioned before. However, the 'symphony conductor' metaphor reflects EFs to a greater degree; it still lacks representation of the contribution of each individual component or 'musician' in the orchestra.
Evaluation and assessment tools
Evaluation is the process of interpreting the data necessary for intervention, whereas assessment refers to the specific tool used during that process (Asher, 2014) . Types of assessment tools vary and may include questionnaires, tabletop, computerised, virtual reality and performancebased tools. When evaluating EFs in daily life, performance-based measuring is closely associated with ecological validity and actual performance in the context of the real world (Morrison, Edwards & Giles, 2015) . Performance-based assessments can be taken an additional step forward to perform real and actual daily performance and not only assess examples of behaviour. This step could prospectively further advance performance-based assessments and provide a more accurate and sensitive assessment of everyday functional activity that considers the person's environment (Baum et al., 2015; Goverover, O'Brien, Moore & DeLuca, 2010) . Beyond the importance and contribution of performance-based assessments, the incorporation of a variety of assessments such as selfreport and parent-teacher questionnaires is recommended (Lifshitz, Josman & Tirosh, 2014) . Furthermore, computer-based assessment and the use of virtual reality in line with the advances in technological developments in today's world should be considered.
Intervention models and approaches
Limited occupational therapy literature about various models and approaches that refer to EFs was found. The available literature should be further used in occupational therapy research to continue to strengthen the evidence.
Limitations
This scoping review has several limitations. Although six electronic academic databases were chosen as sources for this review, additional databases may have indexed different publications. In addition, presentations, conference proceedings, dissertations and theses were excluded from the review; their inclusion could have contributed to further scope of this subject.
Future research
We began conducting this scoping review specifically to map out occupational therapy literature on EFs. We found a large and still-growing body of literature around the world, a wide range of terminology, populations with diverse diagnoses, and a variety of assessments and interventions related to EFs. Therefore, we recommend a full systematic review be conducted to further examine the quality of the available research and to predicate a definite conclusion concerning which assessment tools are most suitable for use and for what purposes. In addition, efficacy studies of standardised EF intervention protocols with randomised controlled trial sampling are needed to enhance the evidencebased practice. Finally, multicentred, randomised controlled trials and cohort studies with larger samples are needed to provide a broader picture of the use of evaluation, assessments and interventions.
Conclusions
Over the past decade, much has been written by occupational therapists about EFs. Nonetheless, no definition was found in the literature that fully encompasses the meaning or concept of EF in the specific context of daily functioning of children and adolescents. Consequently, in this article, we propose such a definition, including a descriptive metaphor, which can assist both clinicians and researchers in the field. It is clear that a solid foundation has been set and the ground is fertile and ready for clinical practice and continued scientific evidencebased research. It is essential that occupational therapists use the available tools to assess EFs. They should choose the tools best suited to each individual to create an appropriate evaluation process that consists of accurate assessment tools to define intervention goals, including those directed to improving EFs. Accurate assessment and relevant intervention goals can lead to developing unique occupation-based intervention protocols for different populations among children and adolescents.
Key points for occupational therapy
Occupational therapists should screen for EFs to identify children with EF deficits. It is essential that occupational therapists use available tools to assess EFs and to choose the tool best suited to each child. Accurate assessment and intervention goals can lead to developing occupation-based protocols for different populations.
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